Isolation and classification of Marine Oil Degrading Bacteria and the Analysis of Related Degradation Genes by 吴业辉
              
学校编码：10384                                分类号      密级      
学号：200426132                            UDC  
 
                       
硕  士  学  位  论  文 
海洋石油降解菌的分离鉴定及其降解酶基因的研究 
Isolation and classification of Marine Oil Degrading  




指导教师姓名： 邵  宗  泽  教 授
徐洵       教授
专 业 名 称： 生物化学与分子生物学
论文提交日期： 2 0 0 7 年  月  日
论文答辩日期： 2 0 0 7 年  月  日




评    阅    人： 
                                             
 






















                声明人（签名）： 












































  1、保密（  ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 






















1 前言……………………………………………………………………… 1 
1.1 海洋石油污染的生物修复……………………………………………………… 1 
1.2 海洋石油降解微生物的多样性………………………………………………… 2 
1.3 细菌的鉴定与分类……………………………………………………………… 5 
1.4 烷烃羟化酶的研究进展………………………………………………………… 9 
1.5 本文的研究目的及意义…………………………………………………………16 
2 材料与方法……………………………………………………………  17 
 2.1 材料……………………………………………………………    17 
 2 . 2  基本方法……………………………………………………27 
 2.3 海洋石油烃降解菌的富集、分离和鉴定……………………………    36 
 2.4 烷烃降解细菌新种的分类………………………………………38 
 2.5 烷烃羟化酶 AlkB 和细胞色素 P450 单加氧酶的研究…………………  41 
3 结果与讨论……………………………………………………………  45 
3.1 马六岬海峡表层海水石油降解菌的富集、分离和鉴定及降解菌群的分
析…………………………………………………………………… 45 
   3.1.1 结果与分析…………………………………………………… 45 
3.1.1.1 解菌群中可培养菌株的分离…………………………………45 
3.1.1.2  REP-PCR……………………………………………………      45 
3.1.1.3 降解菌群中可培养菌株 16S rDNA 鉴定及其系统发育树的构          
建…………………………………………………………… 47 
3.1.1.4 降解菌群中的优势菌和单菌对应条带的 DGGE 分析……………56 
3.1.1.5 DGGE 分析石油降解菌群中的未培养菌………………………    62 
3.1.1.6 降解菌群中烷烃羟化酶基因alkB和细胞色素P450烷烃羟化酶基因
的 PCR 扩增………………………………………………………………     66 
3.1.1.7 分离到的可培养菌的表面张力的测定…………………………… 69 
3.1.2 讨论……………………………………………………………………… 70 














3.2.1 结果与分析……………………………………………………  76 
3.2.1.1 菌株的分离………………………………………………… 76 
3.2.1.2 表型分析…………………………………………………  76 
3.2.1.3 脂肪酸组成分析…………………………………………… 78 
3.2.1.4 16S rDNA 序列比较……………………………………………79 
3.2.1.5 16S-23S ITS 序列比较………………………………………80 
3.2.1.6 gyrB 序列的比较……………………………………………81 
3.2.1.7 G+C 含量和 DNA-DNA 杂交……………………………………82 
3.2.1.8 烷烃羟化酶基因AlkB的分析…………………………………82 
3.2.1.9 细胞色素 P450 烷烃羟化酶基因的分析………………………85 
3.2.2 讨论……………………………………………………………86 
3.2.3 食烷菌新种的描述………………………………………………87 
3 . 3  柴油食烷菌 B-5 烷烃羟化酶 AlkB 和细胞色素 P450 的功能分
析……………………………………………………………………  88 
3.3.1 结果与分析…………………………………………………… 88 
3.3.1.1 柴油食烷菌 B-5 烷烃羟化酶基因 alkB 的敲除及其烷烃利用范围的
测定…………………………………………………………        88 
3.3.1.2 柴油食烷菌细胞色素 P450 烷烃羟化酶基因的克隆…………    92 
3.3.1.3 柴油食烷菌 B-5 细胞色素 P450 烷烃羟化酶的 Southern Blot 分析 94 
3.3.2 讨论…………………………………………………………    96 



















Chinese abstract…………………………………………………………  Ⅰ           
English abstract…………………………………………………………… Ⅲ           
1  Forword ………………………………………………………………  1           
1.1Bioremediation of marine petroleum contaminant………………………… 1             
1.2 Diversity of marine petroleum-degrading microorganism………………… 2 
1.3 Identification and classification of bacteria ……………………………… 5             
1.4 Research progress of alkane hydroxylase   …………………………… 9             
1.5 Purpose and significance of this research  ……………………………   16            
2 Materials and methods ………………………………………………  17            
2.1 Materials ……………………………………………………………  17              
2.2 Basic methods ………………………………………………………  27              
2.3 Enrichment and identification of marine oil-degrading microorganisms…  36       
2.4 Classification of new bacteria ………………………………………… 38              
2.5 Cloning and analysis of alkane hydroxylase………………………………   41 
3 Results amd discussion………………………………………………………   45            
3.1 Analysis of oil-degrading consortia from seawter of Malacca……………   45 
3.1.1 Results and analysis………………………………………………………  45 
   3.1.1.1 Isolation of culturable bacteria in the oil-degrading consortia…………  45 
   3.1.1.2 REP-PCR………………………………………………………………   45 
   3.1.1.3 Phylogenetic analysis of cultured strains in the oil-degrading consortia… 47 
   3.1.1.4 Analysis of dominant populations of oil-degrading consortia by DGGE… 56 
   3.1.1.5Analysis of uncultured dominant strains of oil-degrading consortia by DGGE 
and their phylogenesis……………………………………………………  62 
3.1.1.6 Amplification of partial Alkane hydroxylase gene of alkB and  
cytochrome P450…………………………………………………………  66 
   3.1.1.7 Assay of surface tension of culturable strains…………………………… 69 















3.2 Description of Alcaniorax hongdocksis sp. nov., a novel alkane-degrading 
bacterium………………………………………                  76 
3.2.1 Results……………………………………………………………………… 76 
  3.2.1.1 Isolation…………………………………………………………………76 
3.2.1.2 Phenotypic analysis…………………………………………………… 76 
3.2.1.3 Cellular fatty acid analysis……………………………………………  78 
3.2.1.4 16S rRNAsequence comparison…………………………………………79 
3.2.1.5 16S-23S ITS sequence comparison…………………………………… 80 
3.2.1.6 gyrB sequence comparison……………………………………………  81 
3.2.1.7 G+C content and DNA-DNA hybridization………………………………82 
3.2.1.8Deduced partial alkane hydroxylase AlkB sequence comparison…………82 
3.2.1.9 Deduced partial alkane hydroxylase P450 sequence comparison…………85 
3.2.2 Discussion…………………………………………………………………… 86  
3.2.3 Description of Alcaniorax hongdocksis sp. nov. …………………………… 87 
3.3 Analysis the function of alkane hydroxylase (AlkB and cytochrome P450) in 
Alcaniorax dieselolei B-5………………………………………………………… 88 
3.3.1 Results………………………………………………………………………… 88 
    3.3.1.1 Knock out the gene of alkB and analysis of alkanes-degrading range of the 
mutant B-5△alkB………………………………………………………  88 
    3.3.1.2 Amplification and comparison of partial cytochrome P450 gene………  92 
3.3.1.3 Analysis Cytochrome P450 monogenase by Southern Blot…………………94 
3.3.2 Conlusion and discussion……………………………………………………    96 
 
 
Conclusion and prospect…………………………………………………………  98            
Reference…………………………………………………………………………    100 







































及很广的烷烃降解范围（C8～C36）。其 16S rRNA 与已报道的博克岛食烷菌 SK2
（Alcanivorax. borkumensis SK2T）有 高同源性为 96.5％。通过生理生化特性分
析、脂肪酸组成分析、G+Cmol%含量分析、ITS 序列以及促旋酶 gyrB 序列等分析，表
明菌株 A-11-3 是属于食烷菌属的一个新种，命名为马六岬食烷菌（Alcanivorax   
Malaccasis）。从该菌株中获得了一个新的烷烃羟化酶 AlkB（Burkholderia 


















B-5 中对 alkB 基因进行了敲除，发现基因敲除后的突变株对烷烃的降解范围和降解能
力与原始菌株相比，几乎没有差别，这说明了在 B-5 中还存在其它的烷烃羟化酶系统。
用兼并引物和 Tail-PCR 扩增的方法获得了 367 个氨基酸的细胞色素 P450 酶，其与博
克岛食烷菌 SK2 中 CYP153 P450 烷烃羟化酶有 高相似性，为 84.9％。系统发育分析
表明，B-5 中得到的 P450 酶属于细胞色素 CYP153 家族。还获得了位于其下游且紧邻
P450 烷烃羟化酶的 541aa 的醇脱氢酶全长。在 B-5 及在突变株 B-5△alkB 中分别进行
CYP 153 P450 基因敲除的单双突变株已经构建好，突变株的烷烃降解能力实验正在进



































Isolation and classification of Marine Oil Degrading Bacteria and the 
Analysis of Related Degradation Genes 
ABSTRACT 
Petroleum pollution has been a serious problem in environments, especially in the 
marine environments . The annual world production of crude oil is 70 million barrels per 
day, with approximately 50% of this being transported by sea. Occasionally oil tanker 
accidents result in large-scale marine and coastal pollution. Oil pollution is likely to remain 
a significant threat to marine and coastal wildlife and ecosystems. It has long been 
recognized that many microorganisms can use medium or long-chain n-alkanes as sources 
of carbon and energy, which has stimulated many studies on the usefulness of these 
organisms in the bioremediation of oil spills and contaminated sites. It’s very important and 
necessary to isolate and culture and detect petroleum-degrading microorganisms from the 
polluted environment.  In many microorganisms the first step for alkane degradation is the 
terminal oxidation of the molecule by an alkane hydroxylase, which has been proven to be 
useful and versatile biocatalyst, opening the possibility of its use in the industrial 
production of fine chemicals. 
By enrichment with crude oil or diesel as the sole carbon source, the diversity of 
petroleum-degrading bacteria in the surface water of the Strait of Malacca were surveyed. 
Ten samples resulted in 10 petroleum -degrading consortia, whose structures were analyzed 
by the combined methods of DGGE and CFU counting. DGGE revealed quite diversity in 
bacterial population. We isolated 48 strains in total and they belong to 17 different genus. 
They belong to Proteobacteria, Acinobacteria, Flavobacteria, respectively. Members of the 
γ-Proteobacteria（59%）were found to be most abundant. α-Proteobacteria（33%） were 
the second dominant bacteria. The results showed that the dominant strains were detected 
phylogenetically close to Alcanivorax, Pseudomonas , Rhodococus, Marinobacter, 
Novosphingobium, Halomonas, Thalassospira, Salinisphaera, Parvibaculum respectively. 
Most of these dominant populations were reported as petroleum-degraders. 
Alcanivorax, Pseudomonas, Novosphingobium had a wide distrbution, especially 















marine environment. Among them, isolate A-11-3 showed the predominant 
biodegradability to diesel fuel and was able to utilize various n-alkanes as the sole carbon 
source, ranging in chain length at least from C8 to C36. On the basis of 16S rRNA gene 
sequence similarity, B-5 was shown to belong to the γ-Proteobacteria. Highest 
similarity values were found with Alcanivorax borkumensis(96.5%), A. venustensis 
ISO4T（94.22%）, A. jadensis T9（94％）， A.dieselolei B-5T（94.82％），respectively. 
According to results of physiological and biochemical tests, cellular fatty 
acid composition, comparisons of 16S-23S internal transcribed spacer 
sequences,the sequence of gryase gene gryB and comparisons of the partial 
deduced amino acid sequence of alkane hydroxylase, both strains were 
affiliated to the genus Alcanivorax but were differentiated from recognized 
Alcanivorax species. Therefore, a novel species, Alcanivorax Malaccasis sp. nov., 
is proposed.  
The alkane hydroxylase in B-5 encodes a functional hydroxylase.A  B-5 alkB 
gene knockout mutant was constructed. But it was surprised to find that the 
alkane-degrading capability and the region of alkanes the mutant use was the 
same with the widetype strain. This result proved that there were other type 
alkane hydroxylase systems in B-5. By the method of degenerated primers and 
Thermal asymmetric interlaced PCR , a CYP153 alkane hydroxylase gene,which 
encoding a 367aa polypeptides fragment was amplified, and a full-length of 
alcohol dehydrogenaes(ADH) ,which is the second key enzyme in the course of 
alkane-degrading, was amplified too. To detected whether there were more other 
alkane hydroxylase systems in B-5 , whether the putatived CYP153 P450 encodes 
a functional alkane hydroxylase and responds for which length of alkanes , 
P450 gene was knockout in B-5 and B-5△alkB. Further analysis is on the 
progress. 
 
Keywords: marine petroleum pollution; oil degrading consortia; biodiversity; 




















石油的 2/3 经海路运输, 经常运行在航道上的油轮大约有 7000 艘之多。大型油轮
失事以后, 其中的原油部分或全部流入海洋中,从而造成严重的海洋石油污染，例
如,1968 年 Torrey Canyon 号油轮在英国海岸失事,流出原油 10 万多吨；1975 年 6
月 7 日，日本油轮“昭和丸”号在马六甲海峡泄油 23.7 万吨；1978 年 3 月 17 日
Amoco cadiz 号在法国 Portsall 外出事,流失原油约 21 万多吨。据联合国环境规划
署报告,流入海洋的石油每年为 200 万吨至 2000 万吨，由于航运而排入海洋的石油
污染物达 160～200 万吨，其中 1/3 左右是油轮在海上发生事故导致石油泄漏造成
































后患将持续几十年。1991 年海湾战争期间泄漏入海洋的石油数量高达 150.7 万吨，


















为促进条件下的生物修复。20 世纪 80 年代末美国在 Exxon Vadez 油轮石油泄露
的生物修复项目中，短时间内清除了污染，治理了环境，是生物修复成功应用的





































包括：Alcanivorax spp.[16]、Cycloclasticus spp.[17]、Oleiphilus spp.[18]、
Oleispira spp.[19]、Thalassolituus spp.[20] ，Marinobacter[21]、Neptunomonas[22]、
和Planomicrobium (以前被认为动球菌属Planococcus)[23] 属的一些菌株。其中

































第一个种是1998年由 Yakimov 等人分离到的A. borkumensis[16]，另外三个是A. 
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